Introduction
For 285 million visually impaired people around the world, a regular cane and guide dog are the widely accepted travel assistive devices. For the cane, the length constrains the accessible environment, sample rate is very low and only one dimensional information can be detected. Guide dogs seem more ideal than canes to perceive the environment, but they are quite expensive and sometimes not sufficient for a task [1] . Over the past decades, numerous electronic assistive devices have been developed for safe and independent mobility of the blind. For the visually impaired, auditory display and tactile display are the two feasible ways for information transmission. Voice synthesizers are designed for auditory display, but the guide sound can conflict with other sounds in the surrounding environment, especially in very noisy environments [2] . In addition, auditory system is one of the primary senses of blind people for spatial orientation. The amount of information that can be transmitted by tactile display is limited. However, it provides the information in an unobtrusive way, and so it is suited for users to use the tactile display with other tasks. The skin is the biggest sense organ that contains the essential biological sensors of touch. The ability to discriminate stimuli on the skin varies throughout the body [3] . Various forms of assistive devices that can be worn on different part of the torso have been developed, such as finger, palm, wrist, forearm, feet, chest, belly and head. Considering the sensitivity and adaptability, we developed a belt-type device.
Methods
Hardware: We developed the first prototype of the vibration belt in the form of a typical belt (Fig. 1) . Vibration motors as used in cell phones were attached on the belt, since they are cheap and reliable. The motors were connected to the USB port of a computer via a NI device. All motors are controlled independently because they shall signal the relevant direction. The NI device provides 12 independent and controllable lines, which is sufficient for first tests and includes the opportunity for handling more motors in the future. Preliminary study: Three parameters of vibration were tested: intensity, vibration time and spatial location. Five healthy students participated in the experiments. During the experiments, there was only one t-shirt between the belt and the skin. Two levels of intensity, four levels of vibration time and three levels of the distance of locations were tested. There are specific training procedures before random sequences were presented to the subjects.
Dynamic environment simulation:
A Visual C# game (Fig. 2) was designed to simulate a simple environment with obstacles. The red blocks are spawned from the top and are falling with a preset velocity to the bottom. The green block has to be moved to left or right on the base line by a blindfolded person to avoid hitting against red blocks. The number and velocity of red blocks can be adjusted. The player should try to minimize the number of "Hits".
There were four trials in the whole experimental setup and each of which took one minute. First, subjects were allowed to watch the screen and play the game. Second, the subject was blindfolded and wore a belt with one vibration motor on each side of the waist. When the green block should be moved to the left side, the left motor would vibrate and the subject should click on the left button till the vibration stops. Third, watch the screen and follow the guidance of the motors to play the game. Fourth, repeat step two. (Fig. 3) was designed to simulate a static map. The subject was blindfolded and worn a belt with four vibration motors equally distributed around the waist. The subject should follow the guidance of the motors to move up, down, right and left to reach the exit. 
Results
In the preliminary study, the recognizing accuracy of two levels of intensity achieves near 100%. For the four levels of duration time 30ms, 100ms, 500ms and 1 sec, even 30ms can be detected. And when the motors are positioned 4cm apart around the waist, the recognition rate is 86% relatively low compared with 8cm and 11cm apart. Figure 4 presents the mean value and the standard deviation of the number of collisions in two blind tests. The xaxis represents the age group of players; the y-axis shows the average number of collisions and the standard deviation.
Discussion
According to the results of this preliminary study, location and duration time seem more promising than amplitude for encoding information in a tactile display. Under the same settings as in the dynamic blind test, where the game was run 10 times without movement of green block to determine the average collision frequency without user input (base line for evaluation of learning effects), the average collisions are 32. This means the guidance of vibration motors are really helpful. During the simulation, a good realtime reaction to the incoming vibrotactile signals was observed.
In the static simulation, all the subjects can reach the exit under the guidance of the motors. The vibration signals are easily understood and the belt is easy to use while no special training was required.
As we can see from the result, the belt-type tactile navigation system is convenient to use since users can intuitively recognize directions to their destinations, and it doesn't occupy users' auditory senses. Next, we will combine our system with orientation system and sensors. It will be more ideal for visually impaired people. 
